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Exoplanets are Ubiquitous in Our Galaxy 



Background 1: How do Planets form? 

Mordasini et al 2009a

The planet mass-
semimajor axis

can be observed



Background 2: How do Planets form? 

The planet radius
can be observed

=> the bulk density

The atmosphere
can be observed

=> the composition

Thorngren et al 2016



Estimate of the heavy element mass in 
observed exoplanets

Target selection: relatively cool close-in exoplanets

Compute the radius evolution of planets,
by distribute heavy elements in cores and atmospheres 



Results of Thorngren et al 2016
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<latexit sha1_base64="485RF0k+rsOGPNO+J2Mgac0Ebho=">AAAB6XicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juiaYLGF20psMmZ1ZZmaFsOQTvHhQ8eofefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWFxaXimultbWNza3yts7t0ZlmmHAlFC6FVGDgksMLLcCW6lGmkQCm9HwYuI371EbruSNHaUYJrQvecwZtU66vuuabrlSq/pTkL9JBeZodMvvnZ5iWYLSMkGNadf81IY51ZYzgeNSJzOYUjakfWw7KmmCJsynp47JgVN6JFbalbRkqn6dyGlizCiJXGdC7cD89Cbib147s/FpmHOZZhYlmy2KM0GsIpO/SY9rZFaMHKFMc3crYQOqKbMundL/QgiOqmdV/+q4Uj+fp1GEPdiHQ6jBCdThEhoQAIM+PMATPHvCe/RevNdZa8Gbz+zCN3hvn7O1jZo=</latexit><latexit sha1_base64="485RF0k+rsOGPNO+J2Mgac0Ebho=">AAAB6XicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juiaYLGF20psMmZ1ZZmaFsOQTvHhQ8eofefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWFxaXimultbWNza3yts7t0ZlmmHAlFC6FVGDgksMLLcCW6lGmkQCm9HwYuI371EbruSNHaUYJrQvecwZtU66vuuabrlSq/pTkL9JBeZodMvvnZ5iWYLSMkGNadf81IY51ZYzgeNSJzOYUjakfWw7KmmCJsynp47JgVN6JFbalbRkqn6dyGlizCiJXGdC7cD89Cbib147s/FpmHOZZhYlmy2KM0GsIpO/SY9rZFaMHKFMc3crYQOqKbMundL/QgiOqmdV/+q4Uj+fp1GEPdiHQ6jBCdThEhoQAIM+PMATPHvCe/RevNdZa8Gbz+zCN3hvn7O1jZo=</latexit><latexit sha1_base64="485RF0k+rsOGPNO+J2Mgac0Ebho=">AAAB6XicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juiaYLGF20psMmZ1ZZmaFsOQTvHhQ8eofefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWFxaXimultbWNza3yts7t0ZlmmHAlFC6FVGDgksMLLcCW6lGmkQCm9HwYuI371EbruSNHaUYJrQvecwZtU66vuuabrlSq/pTkL9JBeZodMvvnZ5iWYLSMkGNadf81IY51ZYzgeNSJzOYUjakfWw7KmmCJsynp47JgVN6JFbalbRkqn6dyGlizCiJXGdC7cD89Cbib147s/FpmHOZZhYlmy2KM0GsIpO/SY9rZFaMHKFMc3crYQOqKbMundL/QgiOqmdV/+q4Uj+fp1GEPdiHQ6jBCdThEhoQAIM+PMATPHvCe/RevNdZa8Gbz+zCN3hvn7O1jZo=</latexit>
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MZ
<latexit sha1_base64="xlU8xzdYIRrSb/wj5rGLs3KjKjM="></latexit><latexit sha1_base64="xlU8xzdYIRrSb/wj5rGLs3KjKjM="></latexit><latexit sha1_base64="xlU8xzdYIRrSb/wj5rGLs3KjKjM="></latexit><latexit sha1_base64="xlU8xzdYIRrSb/wj5rGLs3KjKjM="></latexit>

increases at the final formation stage



Mp = MXY +MZ
<latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit>
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dust in gas

Planet Formation
via Core Accretion: 

Accretion of 
Gas and Solids 



Mp = MXY +MZ
<latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit>
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dust in gas

MZ,gas = ZsMXY
<latexit sha1_base64="HzbfhdvSa0/lGZnDGQa6FMXz6F0="></latexit><latexit sha1_base64="HzbfhdvSa0/lGZnDGQa6FMXz6F0="></latexit><latexit sha1_base64="HzbfhdvSa0/lGZnDGQa6FMXz6F0="></latexit><latexit sha1_base64="HzbfhdvSa0/lGZnDGQa6FMXz6F0="></latexit>



Mp = MXY +MZ
<latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit>
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<latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit>

dust in gas

MZ,gas = ZsMXY
<latexit sha1_base64="HzbfhdvSa0/lGZnDGQa6FMXz6F0="></latexit><latexit sha1_base64="HzbfhdvSa0/lGZnDGQa6FMXz6F0="></latexit><latexit sha1_base64="HzbfhdvSa0/lGZnDGQa6FMXz6F0="></latexit><latexit sha1_base64="HzbfhdvSa0/lGZnDGQa6FMXz6F0="></latexit>

Contribution arising from 
gas accretion is negligible  



Mp = MXY +MZ
<latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit>
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<latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit>

dust in gas

MZ,gas = ZsMXY
<latexit sha1_base64="HzbfhdvSa0/lGZnDGQa6FMXz6F0="></latexit><latexit sha1_base64="HzbfhdvSa0/lGZnDGQa6FMXz6F0="></latexit><latexit sha1_base64="HzbfhdvSa0/lGZnDGQa6FMXz6F0="></latexit><latexit sha1_base64="HzbfhdvSa0/lGZnDGQa6FMXz6F0="></latexit>

Contribution arising from 
gas accretion is negligible  

Runaway gas accretion
occurred for planets 
with Mp > 100M�

<latexit sha1_base64="roGY9b4p5clAgGPtMtxcDi+9nsg=">AAAB/HicjVDLSgMxFL1TX7W+xsfOTbAIrsqMCOpGim7cFCo4ttAOQyZN29DMJCQZoQ7FX3HjQsWtH+LOvzF9LFQUPHDhcM693MOJJWfaeN6HU5ibX1hcKi6XVlbX1jfcza0bLTJFaEAEF6oZY005S2lgmOG0KRXFScxpIx5cjP3GLVWaifTaDCUNE9xLWZcRbKwUuTu1SKIz5HseqkV5W0ie6VHklv2KNwH6m5Rhhnrkvrc7gmQJTQ3hWOuW70kT5lgZRjgdldqZphKTAe7RlqUpTqgO80n6Edq3Sgd1hbKTGjRRv17kONF6mMR2M8Gmr396Y/E3r5WZ7kmYs1RmhqZk+qibcWQEGleBOkxRYvjQEkwUs1kR6WOFibGFlf5XQnBYOa34V0fl6vmsjSLswh4cgA/HUIVLqEMABO7gAZ7g2bl3Hp0X53W6WnBmN9vwDc7bJ+Apk8g=</latexit><latexit sha1_base64="roGY9b4p5clAgGPtMtxcDi+9nsg=">AAAB/HicjVDLSgMxFL1TX7W+xsfOTbAIrsqMCOpGim7cFCo4ttAOQyZN29DMJCQZoQ7FX3HjQsWtH+LOvzF9LFQUPHDhcM693MOJJWfaeN6HU5ibX1hcKi6XVlbX1jfcza0bLTJFaEAEF6oZY005S2lgmOG0KRXFScxpIx5cjP3GLVWaifTaDCUNE9xLWZcRbKwUuTu1SKIz5HseqkV5W0ie6VHklv2KNwH6m5Rhhnrkvrc7gmQJTQ3hWOuW70kT5lgZRjgdldqZphKTAe7RlqUpTqgO80n6Edq3Sgd1hbKTGjRRv17kONF6mMR2M8Gmr396Y/E3r5WZ7kmYs1RmhqZk+qibcWQEGleBOkxRYvjQEkwUs1kR6WOFibGFlf5XQnBYOa34V0fl6vmsjSLswh4cgA/HUIVLqEMABO7gAZ7g2bl3Hp0X53W6WnBmN9vwDc7bJ+Apk8g=</latexit><latexit sha1_base64="roGY9b4p5clAgGPtMtxcDi+9nsg=">AAAB/HicjVDLSgMxFL1TX7W+xsfOTbAIrsqMCOpGim7cFCo4ttAOQyZN29DMJCQZoQ7FX3HjQsWtH+LOvzF9LFQUPHDhcM693MOJJWfaeN6HU5ibX1hcKi6XVlbX1jfcza0bLTJFaEAEF6oZY005S2lgmOG0KRXFScxpIx5cjP3GLVWaifTaDCUNE9xLWZcRbKwUuTu1SKIz5HseqkV5W0ie6VHklv2KNwH6m5Rhhnrkvrc7gmQJTQ3hWOuW70kT5lgZRjgdldqZphKTAe7RlqUpTqgO80n6Edq3Sgd1hbKTGjRRv17kONF6mMR2M8Gmr396Y/E3r5WZ7kmYs1RmhqZk+qibcWQEGleBOkxRYvjQEkwUs1kR6WOFibGFlf5XQnBYOa34V0fl6vmsjSLswh4cgA/HUIVLqEMABO7gAZ7g2bl3Hp0X53W6WnBmN9vwDc7bJ+Apk8g=</latexit><latexit sha1_base64="roGY9b4p5clAgGPtMtxcDi+9nsg=">AAAB/HicjVDLSgMxFL1TX7W+xsfOTbAIrsqMCOpGim7cFCo4ttAOQyZN29DMJCQZoQ7FX3HjQsWtH+LOvzF9LFQUPHDhcM693MOJJWfaeN6HU5ibX1hcKi6XVlbX1jfcza0bLTJFaEAEF6oZY005S2lgmOG0KRXFScxpIx5cjP3GLVWaifTaDCUNE9xLWZcRbKwUuTu1SKIz5HseqkV5W0ie6VHklv2KNwH6m5Rhhnrkvrc7gmQJTQ3hWOuW70kT5lgZRjgdldqZphKTAe7RlqUpTqgO80n6Edq3Sgd1hbKTGjRRv17kONF6mMR2M8Gmr396Y/E3r5WZ7kmYs1RmhqZk+qibcWQEGleBOkxRYvjQEkwUs1kR6WOFibGFlf5XQnBYOa34V0fl6vmsjSLswh4cgA/HUIVLqEMABO7gAZ7g2bl3Hp0X53W6WnBmN9vwDc7bJ+Apk8g=</latexit>

Some mechanisms are 
needed for postponing
runaway gas accretion

⇥
<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>



Mp = MXY +MZ
<latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit>
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<latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit>

dust in gas

M
core

<latexit sha1_base64="osp0+kwCbrgeYCAks5rRqh4zvWU=">AAAB7nicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BL16ECK4JJEuYnfQmQ2Zn1plZISz5CS8eVLz6Pd78GyePg4qCBQ1FVTfdXVEquLG+/+EVFhaXlleKq6W19Y3NrfL2zq1RmWYYMCWUbkXUoOASA8utwFaqkSaRwGY0vJj4zXvUhit5Y0cphgntSx5zRq2TWlfdnCmN4265Uqv6U5C/SQXmaHTL752eYlmC0jJBjWnX/NSGOdWWM4HjUiczmFI2pH1sOyppgibMp/eOyYFTeiRW2pW0ZKp+nchpYswoiVxnQu3A/PQm4m9eO7PxaZhzmWYWJZstijNBrCKT50mPa2RWjByhTHN3K2EDqimzLqLS/0IIjqpn1dr1caV+Pk+jCHuwD4dQgxOowyU0IAAGAh7gCZ69O+/Re/FeZ60Fbz6zC9/gvX0CroiP7g==</latexit><latexit sha1_base64="osp0+kwCbrgeYCAks5rRqh4zvWU=">AAAB7nicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BL16ECK4JJEuYnfQmQ2Zn1plZISz5CS8eVLz6Pd78GyePg4qCBQ1FVTfdXVEquLG+/+EVFhaXlleKq6W19Y3NrfL2zq1RmWYYMCWUbkXUoOASA8utwFaqkSaRwGY0vJj4zXvUhit5Y0cphgntSx5zRq2TWlfdnCmN4265Uqv6U5C/SQXmaHTL752eYlmC0jJBjWnX/NSGOdWWM4HjUiczmFI2pH1sOyppgibMp/eOyYFTeiRW2pW0ZKp+nchpYswoiVxnQu3A/PQm4m9eO7PxaZhzmWYWJZstijNBrCKT50mPa2RWjByhTHN3K2EDqimzLqLS/0IIjqpn1dr1caV+Pk+jCHuwD4dQgxOowyU0IAAGAh7gCZ69O+/Re/FeZ60Fbz6zC9/gvX0CroiP7g==</latexit><latexit sha1_base64="osp0+kwCbrgeYCAks5rRqh4zvWU=">AAAB7nicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BL16ECK4JJEuYnfQmQ2Zn1plZISz5CS8eVLz6Pd78GyePg4qCBQ1FVTfdXVEquLG+/+EVFhaXlleKq6W19Y3NrfL2zq1RmWYYMCWUbkXUoOASA8utwFaqkSaRwGY0vJj4zXvUhit5Y0cphgntSx5zRq2TWlfdnCmN4265Uqv6U5C/SQXmaHTL752eYlmC0jJBjWnX/NSGOdWWM4HjUiczmFI2pH1sOyppgibMp/eOyYFTeiRW2pW0ZKp+nchpYswoiVxnQu3A/PQm4m9eO7PxaZhzmWYWJZstijNBrCKT50mPa2RWjByhTHN3K2EDqimzLqLS/0IIjqpn1dr1caV+Pk+jCHuwD4dQgxOowyU0IAAGAh7gCZ69O+/Re/FeZ60Fbz6zC9/gvX0CroiP7g==</latexit><latexit sha1_base64="osp0+kwCbrgeYCAks5rRqh4zvWU=">AAAB7nicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BL16ECK4JJEuYnfQmQ2Zn1plZISz5CS8eVLz6Pd78GyePg4qCBQ1FVTfdXVEquLG+/+EVFhaXlleKq6W19Y3NrfL2zq1RmWYYMCWUbkXUoOASA8utwFaqkSaRwGY0vJj4zXvUhit5Y0cphgntSx5zRq2TWlfdnCmN4265Uqv6U5C/SQXmaHTL752eYlmC0jJBjWnX/NSGOdWWM4HjUiczmFI2pH1sOyppgibMp/eOyYFTeiRW2pW0ZKp+nchpYswoiVxnQu3A/PQm4m9eO7PxaZhzmWYWJZstijNBrCKT50mPa2RWjByhTHN3K2EDqimzLqLS/0IIjqpn1dr1caV+Pk+jCHuwD4dQgxOowyU0IAAGAh7gCZ69O+/Re/FeZ60Fbz6zC9/gvX0CroiP7g==</latexit>

is determined by 

⇥
<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

disk parameters for 
both planetesimal 
& pebble accretion



Mp = MXY +MZ
<latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit>
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<latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit>

dust in gas

M
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<latexit sha1_base64="osp0+kwCbrgeYCAks5rRqh4zvWU=">AAAB7nicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BL16ECK4JJEuYnfQmQ2Zn1plZISz5CS8eVLz6Pd78GyePg4qCBQ1FVTfdXVEquLG+/+EVFhaXlleKq6W19Y3NrfL2zq1RmWYYMCWUbkXUoOASA8utwFaqkSaRwGY0vJj4zXvUhit5Y0cphgntSx5zRq2TWlfdnCmN4265Uqv6U5C/SQXmaHTL752eYlmC0jJBjWnX/NSGOdWWM4HjUiczmFI2pH1sOyppgibMp/eOyYFTeiRW2pW0ZKp+nchpYswoiVxnQu3A/PQm4m9eO7PxaZhzmWYWJZstijNBrCKT50mPa2RWjByhTHN3K2EDqimzLqLS/0IIjqpn1dr1caV+Pk+jCHuwD4dQgxOowyU0IAAGAh7gCZ69O+/Re/FeZ60Fbz6zC9/gvX0CroiP7g==</latexit><latexit sha1_base64="osp0+kwCbrgeYCAks5rRqh4zvWU=">AAAB7nicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BL16ECK4JJEuYnfQmQ2Zn1plZISz5CS8eVLz6Pd78GyePg4qCBQ1FVTfdXVEquLG+/+EVFhaXlleKq6W19Y3NrfL2zq1RmWYYMCWUbkXUoOASA8utwFaqkSaRwGY0vJj4zXvUhit5Y0cphgntSx5zRq2TWlfdnCmN4265Uqv6U5C/SQXmaHTL752eYlmC0jJBjWnX/NSGOdWWM4HjUiczmFI2pH1sOyppgibMp/eOyYFTeiRW2pW0ZKp+nchpYswoiVxnQu3A/PQm4m9eO7PxaZhzmWYWJZstijNBrCKT50mPa2RWjByhTHN3K2EDqimzLqLS/0IIjqpn1dr1caV+Pk+jCHuwD4dQgxOowyU0IAAGAh7gCZ69O+/Re/FeZ60Fbz6zC9/gvX0CroiP7g==</latexit><latexit sha1_base64="osp0+kwCbrgeYCAks5rRqh4zvWU=">AAAB7nicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BL16ECK4JJEuYnfQmQ2Zn1plZISz5CS8eVLz6Pd78GyePg4qCBQ1FVTfdXVEquLG+/+EVFhaXlleKq6W19Y3NrfL2zq1RmWYYMCWUbkXUoOASA8utwFaqkSaRwGY0vJj4zXvUhit5Y0cphgntSx5zRq2TWlfdnCmN4265Uqv6U5C/SQXmaHTL752eYlmC0jJBjWnX/NSGOdWWM4HjUiczmFI2pH1sOyppgibMp/eOyYFTeiRW2pW0ZKp+nchpYswoiVxnQu3A/PQm4m9eO7PxaZhzmWYWJZstijNBrCKT50mPa2RWjByhTHN3K2EDqimzLqLS/0IIjqpn1dr1caV+Pk+jCHuwD4dQgxOowyU0IAAGAh7gCZ69O+/Re/FeZ60Fbz6zC9/gvX0CroiP7g==</latexit><latexit sha1_base64="osp0+kwCbrgeYCAks5rRqh4zvWU=">AAAB7nicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BL16ECK4JJEuYnfQmQ2Zn1plZISz5CS8eVLz6Pd78GyePg4qCBQ1FVTfdXVEquLG+/+EVFhaXlleKq6W19Y3NrfL2zq1RmWYYMCWUbkXUoOASA8utwFaqkSaRwGY0vJj4zXvUhit5Y0cphgntSx5zRq2TWlfdnCmN4265Uqv6U5C/SQXmaHTL752eYlmC0jJBjWnX/NSGOdWWM4HjUiczmFI2pH1sOyppgibMp/eOyYFTeiRW2pW0ZKp+nchpYswoiVxnQu3A/PQm4m9eO7PxaZhzmWYWJZstijNBrCKT50mPa2RWjByhTHN3K2EDqimzLqLS/0IIjqpn1dr1caV+Pk+jCHuwD4dQgxOowyU0IAAGAh7gCZ69O+/Re/FeZ60Fbz6zC9/gvX0CroiP7g==</latexit>

is determined by 
disk parameters for 
both planetesimal 
& pebble accretion

⇥
<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

M
core

<latexit sha1_base64="osp0+kwCbrgeYCAks5rRqh4zvWU=">AAAB7nicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BL16ECK4JJEuYnfQmQ2Zn1plZISz5CS8eVLz6Pd78GyePg4qCBQ1FVTfdXVEquLG+/+EVFhaXlleKq6W19Y3NrfL2zq1RmWYYMCWUbkXUoOASA8utwFaqkSaRwGY0vJj4zXvUhit5Y0cphgntSx5zRq2TWlfdnCmN4265Uqv6U5C/SQXmaHTL752eYlmC0jJBjWnX/NSGOdWWM4HjUiczmFI2pH1sOyppgibMp/eOyYFTeiRW2pW0ZKp+nchpYswoiVxnQu3A/PQm4m9eO7PxaZhzmWYWJZstijNBrCKT50mPa2RWjByhTHN3K2EDqimzLqLS/0IIjqpn1dr1caV+Pk+jCHuwD4dQgxOowyU0IAAGAh7gCZ69O+/Re/FeZ60Fbz6zC9/gvX0CroiP7g==</latexit><latexit sha1_base64="osp0+kwCbrgeYCAks5rRqh4zvWU=">AAAB7nicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BL16ECK4JJEuYnfQmQ2Zn1plZISz5CS8eVLz6Pd78GyePg4qCBQ1FVTfdXVEquLG+/+EVFhaXlleKq6W19Y3NrfL2zq1RmWYYMCWUbkXUoOASA8utwFaqkSaRwGY0vJj4zXvUhit5Y0cphgntSx5zRq2TWlfdnCmN4265Uqv6U5C/SQXmaHTL752eYlmC0jJBjWnX/NSGOdWWM4HjUiczmFI2pH1sOyppgibMp/eOyYFTeiRW2pW0ZKp+nchpYswoiVxnQu3A/PQm4m9eO7PxaZhzmWYWJZstijNBrCKT50mPa2RWjByhTHN3K2EDqimzLqLS/0IIjqpn1dr1caV+Pk+jCHuwD4dQgxOowyU0IAAGAh7gCZ69O+/Re/FeZ60Fbz6zC9/gvX0CroiP7g==</latexit><latexit sha1_base64="osp0+kwCbrgeYCAks5rRqh4zvWU=">AAAB7nicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BL16ECK4JJEuYnfQmQ2Zn1plZISz5CS8eVLz6Pd78GyePg4qCBQ1FVTfdXVEquLG+/+EVFhaXlleKq6W19Y3NrfL2zq1RmWYYMCWUbkXUoOASA8utwFaqkSaRwGY0vJj4zXvUhit5Y0cphgntSx5zRq2TWlfdnCmN4265Uqv6U5C/SQXmaHTL752eYlmC0jJBjWnX/NSGOdWWM4HjUiczmFI2pH1sOyppgibMp/eOyYFTeiRW2pW0ZKp+nchpYswoiVxnQu3A/PQm4m9eO7PxaZhzmWYWJZstijNBrCKT50mPa2RWjByhTHN3K2EDqimzLqLS/0IIjqpn1dr1caV+Pk+jCHuwD4dQgxOowyU0IAAGAh7gCZ69O+/Re/FeZ60Fbz6zC9/gvX0CroiP7g==</latexit><latexit sha1_base64="osp0+kwCbrgeYCAks5rRqh4zvWU=">AAAB7nicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BL16ECK4JJEuYnfQmQ2Zn1plZISz5CS8eVLz6Pd78GyePg4qCBQ1FVTfdXVEquLG+/+EVFhaXlleKq6W19Y3NrfL2zq1RmWYYMCWUbkXUoOASA8utwFaqkSaRwGY0vJj4zXvUhit5Y0cphgntSx5zRq2TWlfdnCmN4265Uqv6U5C/SQXmaHTL752eYlmC0jJBjWnX/NSGOdWWM4HjUiczmFI2pH1sOyppgibMp/eOyYFTeiRW2pW0ZKp+nchpYswoiVxnQu3A/PQm4m9eO7PxaZhzmWYWJZstijNBrCKT50mPa2RWjByhTHN3K2EDqimzLqLS/0IIjqpn1dr1caV+Pk+jCHuwD4dQgxOowyU0IAAGAh7gCZ69O+/Re/FeZ60Fbz6zC9/gvX0CroiP7g==</latexit>

is independent of
Mp

<latexit sha1_base64="vYTyc+HccivVAzDmDXlhX2YEILM=">AAAB63icjVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXrwIEVwjJEuYnfQmQ2Znh5lZISz5Bi8eVLz6Q978GyePg4qCBQ1FVTfdXbES3Fjf//BKC4tLyyvl1cra+sbmVnV759ZkuWYYskxk+i6mBgWXGFpuBd4pjTSNBbbi4cXEb92jNjyTN3akMEppX/KEM2qdFF51CzXuVmtB3Z+C/E1qMEezW33v9DKWpygtE9SYduArGxVUW84Ejiud3KCibEj72HZU0hRNVEyPHZMDp/RIkmlX0pKp+nWioKkxozR2nSm1A/PTm4i/ee3cJqdRwaXKLUo2W5TkgtiMTD4nPa6RWTFyhDLN3a2EDaimzLp8Kv8LITyqn9WD6+Na43yeRhn2YB8OIYATaMAlNCEEBhwe4AmePek9ei/e66y15M1nduEbvLdPX1GOlw==</latexit><latexit sha1_base64="vYTyc+HccivVAzDmDXlhX2YEILM=">AAAB63icjVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXrwIEVwjJEuYnfQmQ2Znh5lZISz5Bi8eVLz6Q978GyePg4qCBQ1FVTfdXbES3Fjf//BKC4tLyyvl1cra+sbmVnV759ZkuWYYskxk+i6mBgWXGFpuBd4pjTSNBbbi4cXEb92jNjyTN3akMEppX/KEM2qdFF51CzXuVmtB3Z+C/E1qMEezW33v9DKWpygtE9SYduArGxVUW84Ejiud3KCibEj72HZU0hRNVEyPHZMDp/RIkmlX0pKp+nWioKkxozR2nSm1A/PTm4i/ee3cJqdRwaXKLUo2W5TkgtiMTD4nPa6RWTFyhDLN3a2EDaimzLp8Kv8LITyqn9WD6+Na43yeRhn2YB8OIYATaMAlNCEEBhwe4AmePek9ei/e66y15M1nduEbvLdPX1GOlw==</latexit><latexit sha1_base64="vYTyc+HccivVAzDmDXlhX2YEILM=">AAAB63icjVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXrwIEVwjJEuYnfQmQ2Znh5lZISz5Bi8eVLz6Q978GyePg4qCBQ1FVTfdXbES3Fjf//BKC4tLyyvl1cra+sbmVnV759ZkuWYYskxk+i6mBgWXGFpuBd4pjTSNBbbi4cXEb92jNjyTN3akMEppX/KEM2qdFF51CzXuVmtB3Z+C/E1qMEezW33v9DKWpygtE9SYduArGxVUW84Ejiud3KCibEj72HZU0hRNVEyPHZMDp/RIkmlX0pKp+nWioKkxozR2nSm1A/PTm4i/ee3cJqdRwaXKLUo2W5TkgtiMTD4nPa6RWTFyhDLN3a2EDaimzLp8Kv8LITyqn9WD6+Na43yeRhn2YB8OIYATaMAlNCEEBhwe4AmePek9ei/e66y15M1nduEbvLdPX1GOlw==</latexit><latexit sha1_base64="vYTyc+HccivVAzDmDXlhX2YEILM=">AAAB63icjVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXrwIEVwjJEuYnfQmQ2Znh5lZISz5Bi8eVLz6Q978GyePg4qCBQ1FVTfdXbES3Fjf//BKC4tLyyvl1cra+sbmVnV759ZkuWYYskxk+i6mBgWXGFpuBd4pjTSNBbbi4cXEb92jNjyTN3akMEppX/KEM2qdFF51CzXuVmtB3Z+C/E1qMEezW33v9DKWpygtE9SYduArGxVUW84Ejiud3KCibEj72HZU0hRNVEyPHZMDp/RIkmlX0pKp+nWioKkxozR2nSm1A/PTm4i/ee3cJqdRwaXKLUo2W5TkgtiMTD4nPa6RWTFyhDLN3a2EDaimzLp8Kv8LITyqn9WD6+Na43yeRhn2YB8OIYATaMAlNCEEBhwe4AmePek9ei/e66y15M1nduEbvLdPX1GOlw==</latexit>

     for both scenarios

⇥
<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>



Mp = MXY +MZ
<latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit>

Planetesimals Pebbles

M
Z

= M
core

+M
pl

+M
pe

+M
Z,gas

<latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit>

dust in gas
⇥

<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

⇥
<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

The spatial distribution of 
planetesimals is the key,
which is determined by

the gravitational interaction 
with a protoplanet

Shiraishi & Ida 2008



Mp = MXY +MZ
<latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit>
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<latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit>

dust in gas
⇥

<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

⇥
<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

The spatial distribution of 
planetesimals is the key,
which is determined by

the gravitational interaction 
with a protoplanet

Shiraishi & Ida 2008

MZ ' Mpl / M1/3
p

<latexit sha1_base64="LeLBlwzH2guH5ew1iwFzvcpuN/c=">AAACC3icjVDNSgMxGMz6W+tf1aOXYBE81V0V1FvRi5dCBdcWu+uSTdM2NJvEJCuUZR/Ai6/ixYOKV1/Am29j+nNQUXAgMJmZj+SbWDKqjet+OFPTM7Nz84WF4uLS8spqaW39UotUYeJjwYRqxkgTRjnxDTWMNKUiKIkZacT906HfuCVKU8EvzECSMEFdTjsUI2OlqFSuRVcw0DQhN7AWZZLlMJBKSCPsVV5n3u5+blNexR0B/k3KYIJ6VHoP2gKnCeEGM6R1y3OlCTOkDMWM5MUg1UQi3Edd0rKUo4ToMBstk8Ntq7RhRyh7uIEj9etEhhKtB0lskwkyPf3TG4q/ea3UdI7CjHKZGsLx+KFOyqBdddgMbFNFsGEDSxBW1P4V4h5SCBvbX/F/Jfh7leOKd35Qrp5M2iiATbAFdoAHDkEVnIE68AEGd+ABPIFn5955dF6c13F0ypnMbIBvcN4+Ac4NmmY=</latexit><latexit sha1_base64="LeLBlwzH2guH5ew1iwFzvcpuN/c=">AAACC3icjVDNSgMxGMz6W+tf1aOXYBE81V0V1FvRi5dCBdcWu+uSTdM2NJvEJCuUZR/Ai6/ixYOKV1/Am29j+nNQUXAgMJmZj+SbWDKqjet+OFPTM7Nz84WF4uLS8spqaW39UotUYeJjwYRqxkgTRjnxDTWMNKUiKIkZacT906HfuCVKU8EvzECSMEFdTjsUI2OlqFSuRVcw0DQhN7AWZZLlMJBKSCPsVV5n3u5+blNexR0B/k3KYIJ6VHoP2gKnCeEGM6R1y3OlCTOkDMWM5MUg1UQi3Edd0rKUo4ToMBstk8Ntq7RhRyh7uIEj9etEhhKtB0lskwkyPf3TG4q/ea3UdI7CjHKZGsLx+KFOyqBdddgMbFNFsGEDSxBW1P4V4h5SCBvbX/F/Jfh7leOKd35Qrp5M2iiATbAFdoAHDkEVnIE68AEGd+ABPIFn5955dF6c13F0ypnMbIBvcN4+Ac4NmmY=</latexit><latexit sha1_base64="LeLBlwzH2guH5ew1iwFzvcpuN/c=">AAACC3icjVDNSgMxGMz6W+tf1aOXYBE81V0V1FvRi5dCBdcWu+uSTdM2NJvEJCuUZR/Ai6/ixYOKV1/Am29j+nNQUXAgMJmZj+SbWDKqjet+OFPTM7Nz84WF4uLS8spqaW39UotUYeJjwYRqxkgTRjnxDTWMNKUiKIkZacT906HfuCVKU8EvzECSMEFdTjsUI2OlqFSuRVcw0DQhN7AWZZLlMJBKSCPsVV5n3u5+blNexR0B/k3KYIJ6VHoP2gKnCeEGM6R1y3OlCTOkDMWM5MUg1UQi3Edd0rKUo4ToMBstk8Ntq7RhRyh7uIEj9etEhhKtB0lskwkyPf3TG4q/ea3UdI7CjHKZGsLx+KFOyqBdddgMbFNFsGEDSxBW1P4V4h5SCBvbX/F/Jfh7leOKd35Qrp5M2iiATbAFdoAHDkEVnIE68AEGd+ABPIFn5955dF6c13F0ypnMbIBvcN4+Ac4NmmY=</latexit><latexit sha1_base64="LeLBlwzH2guH5ew1iwFzvcpuN/c=">AAACC3icjVDNSgMxGMz6W+tf1aOXYBE81V0V1FvRi5dCBdcWu+uSTdM2NJvEJCuUZR/Ai6/ixYOKV1/Am29j+nNQUXAgMJmZj+SbWDKqjet+OFPTM7Nz84WF4uLS8spqaW39UotUYeJjwYRqxkgTRjnxDTWMNKUiKIkZacT906HfuCVKU8EvzECSMEFdTjsUI2OlqFSuRVcw0DQhN7AWZZLlMJBKSCPsVV5n3u5+blNexR0B/k3KYIJ6VHoP2gKnCeEGM6R1y3OlCTOkDMWM5MUg1UQi3Edd0rKUo4ToMBstk8Ntq7RhRyh7uIEj9etEhhKtB0lskwkyPf3TG4q/ea3UdI7CjHKZGsLx+KFOyqBdddgMbFNFsGEDSxBW1P4V4h5SCBvbX/F/Jfh7leOKd35Qrp5M2iiATbAFdoAHDkEVnIE68AEGd+ABPIFn5955dF6c13F0ypnMbIBvcN4+Ac4NmmY=</latexit>

MZ ' Mpl / M3/5
p

<latexit sha1_base64="FfNPUw69zsYOwC9YFacA5Btb3Hw=">AAACC3icjVC7TsMwFHXKq5RXgZHFokJiKgkPAVsFC0ulIhFa0YTIcZ3WqhMb20GqonwAC7/CwgCIlR9g429wHwMgkDiSpeNzzpV9TygYVdq2P6zC1PTM7FxxvrSwuLS8Ul5du1Q8lZi4mDMuWyFShNGEuJpqRlpCEhSHjDTD/unQb94SqShPLvRAED9G3YRGFCNtpKBcqQdX0FM0JjewHmSC5dATkgvNzVVcZ3s7B7lJOVV7BPg3qYAJGkH53etwnMYk0ZghpdqOLbSfIakpZiQveakiAuE+6pK2oQmKifKz0TI53DJKB0ZcmpNoOFK/TmQoVmoQhyYZI91TP72h+JvXTnV05Gc0EakmCR4/FKUMmlWHzcAOlQRrNjAEYUnNXyHuIYmwNv2V/leCu1s9rjrn+5XayaSNItgAm2AbOOAQ1MAZaAAXYHAHHsATeLburUfrxXodRwvWZGYdfIP19gnUIZpq</latexit><latexit sha1_base64="FfNPUw69zsYOwC9YFacA5Btb3Hw=">AAACC3icjVC7TsMwFHXKq5RXgZHFokJiKgkPAVsFC0ulIhFa0YTIcZ3WqhMb20GqonwAC7/CwgCIlR9g429wHwMgkDiSpeNzzpV9TygYVdq2P6zC1PTM7FxxvrSwuLS8Ul5du1Q8lZi4mDMuWyFShNGEuJpqRlpCEhSHjDTD/unQb94SqShPLvRAED9G3YRGFCNtpKBcqQdX0FM0JjewHmSC5dATkgvNzVVcZ3s7B7lJOVV7BPg3qYAJGkH53etwnMYk0ZghpdqOLbSfIakpZiQveakiAuE+6pK2oQmKifKz0TI53DJKB0ZcmpNoOFK/TmQoVmoQhyYZI91TP72h+JvXTnV05Gc0EakmCR4/FKUMmlWHzcAOlQRrNjAEYUnNXyHuIYmwNv2V/leCu1s9rjrn+5XayaSNItgAm2AbOOAQ1MAZaAAXYHAHHsATeLburUfrxXodRwvWZGYdfIP19gnUIZpq</latexit><latexit sha1_base64="FfNPUw69zsYOwC9YFacA5Btb3Hw=">AAACC3icjVC7TsMwFHXKq5RXgZHFokJiKgkPAVsFC0ulIhFa0YTIcZ3WqhMb20GqonwAC7/CwgCIlR9g429wHwMgkDiSpeNzzpV9TygYVdq2P6zC1PTM7FxxvrSwuLS8Ul5du1Q8lZi4mDMuWyFShNGEuJpqRlpCEhSHjDTD/unQb94SqShPLvRAED9G3YRGFCNtpKBcqQdX0FM0JjewHmSC5dATkgvNzVVcZ3s7B7lJOVV7BPg3qYAJGkH53etwnMYk0ZghpdqOLbSfIakpZiQveakiAuE+6pK2oQmKifKz0TI53DJKB0ZcmpNoOFK/TmQoVmoQhyYZI91TP72h+JvXTnV05Gc0EakmCR4/FKUMmlWHzcAOlQRrNjAEYUnNXyHuIYmwNv2V/leCu1s9rjrn+5XayaSNItgAm2AbOOAQ1MAZaAAXYHAHHsATeLburUfrxXodRwvWZGYdfIP19gnUIZpq</latexit><latexit sha1_base64="FfNPUw69zsYOwC9YFacA5Btb3Hw=">AAACC3icjVC7TsMwFHXKq5RXgZHFokJiKgkPAVsFC0ulIhFa0YTIcZ3WqhMb20GqonwAC7/CwgCIlR9g429wHwMgkDiSpeNzzpV9TygYVdq2P6zC1PTM7FxxvrSwuLS8Ul5du1Q8lZi4mDMuWyFShNGEuJpqRlpCEhSHjDTD/unQb94SqShPLvRAED9G3YRGFCNtpKBcqQdX0FM0JjewHmSC5dATkgvNzVVcZ3s7B7lJOVV7BPg3qYAJGkH53etwnMYk0ZghpdqOLbSfIakpZiQveakiAuE+6pK2oQmKifKz0TI53DJKB0ZcmpNoOFK/TmQoVmoQhyYZI91TP72h+JvXTnV05Gc0EakmCR4/FKUMmlWHzcAOlQRrNjAEYUnNXyHuIYmwNv2V/leCu1s9rjrn+5XayaSNItgAm2AbOOAQ1MAZaAAXYHAHHsATeLburUfrxXodRwvWZGYdfIP19gnUIZpq</latexit>

                         with
no gap in planetesimal disks 

                             with 
gaps in planetesimal disks 



Mp = MXY +MZ
<latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit>

Planetesimals Pebbles

M
Z

= M
core

+M
pl

+M
pe

+M
Z,gas

<latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit>

dust in gas
⇥

<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

⇥
<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

The spatial distribution of 
planetesimals is the key,
which is determined by

the gravitational interaction 
with a protoplanet

MZ ' Mpl / M1/3
p

<latexit sha1_base64="LeLBlwzH2guH5ew1iwFzvcpuN/c=">AAACC3icjVDNSgMxGMz6W+tf1aOXYBE81V0V1FvRi5dCBdcWu+uSTdM2NJvEJCuUZR/Ai6/ixYOKV1/Am29j+nNQUXAgMJmZj+SbWDKqjet+OFPTM7Nz84WF4uLS8spqaW39UotUYeJjwYRqxkgTRjnxDTWMNKUiKIkZacT906HfuCVKU8EvzECSMEFdTjsUI2OlqFSuRVcw0DQhN7AWZZLlMJBKSCPsVV5n3u5+blNexR0B/k3KYIJ6VHoP2gKnCeEGM6R1y3OlCTOkDMWM5MUg1UQi3Edd0rKUo4ToMBstk8Ntq7RhRyh7uIEj9etEhhKtB0lskwkyPf3TG4q/ea3UdI7CjHKZGsLx+KFOyqBdddgMbFNFsGEDSxBW1P4V4h5SCBvbX/F/Jfh7leOKd35Qrp5M2iiATbAFdoAHDkEVnIE68AEGd+ABPIFn5955dF6c13F0ypnMbIBvcN4+Ac4NmmY=</latexit><latexit sha1_base64="LeLBlwzH2guH5ew1iwFzvcpuN/c=">AAACC3icjVDNSgMxGMz6W+tf1aOXYBE81V0V1FvRi5dCBdcWu+uSTdM2NJvEJCuUZR/Ai6/ixYOKV1/Am29j+nNQUXAgMJmZj+SbWDKqjet+OFPTM7Nz84WF4uLS8spqaW39UotUYeJjwYRqxkgTRjnxDTWMNKUiKIkZacT906HfuCVKU8EvzECSMEFdTjsUI2OlqFSuRVcw0DQhN7AWZZLlMJBKSCPsVV5n3u5+blNexR0B/k3KYIJ6VHoP2gKnCeEGM6R1y3OlCTOkDMWM5MUg1UQi3Edd0rKUo4ToMBstk8Ntq7RhRyh7uIEj9etEhhKtB0lskwkyPf3TG4q/ea3UdI7CjHKZGsLx+KFOyqBdddgMbFNFsGEDSxBW1P4V4h5SCBvbX/F/Jfh7leOKd35Qrp5M2iiATbAFdoAHDkEVnIE68AEGd+ABPIFn5955dF6c13F0ypnMbIBvcN4+Ac4NmmY=</latexit><latexit sha1_base64="LeLBlwzH2guH5ew1iwFzvcpuN/c=">AAACC3icjVDNSgMxGMz6W+tf1aOXYBE81V0V1FvRi5dCBdcWu+uSTdM2NJvEJCuUZR/Ai6/ixYOKV1/Am29j+nNQUXAgMJmZj+SbWDKqjet+OFPTM7Nz84WF4uLS8spqaW39UotUYeJjwYRqxkgTRjnxDTWMNKUiKIkZacT906HfuCVKU8EvzECSMEFdTjsUI2OlqFSuRVcw0DQhN7AWZZLlMJBKSCPsVV5n3u5+blNexR0B/k3KYIJ6VHoP2gKnCeEGM6R1y3OlCTOkDMWM5MUg1UQi3Edd0rKUo4ToMBstk8Ntq7RhRyh7uIEj9etEhhKtB0lskwkyPf3TG4q/ea3UdI7CjHKZGsLx+KFOyqBdddgMbFNFsGEDSxBW1P4V4h5SCBvbX/F/Jfh7leOKd35Qrp5M2iiATbAFdoAHDkEVnIE68AEGd+ABPIFn5955dF6c13F0ypnMbIBvcN4+Ac4NmmY=</latexit><latexit sha1_base64="LeLBlwzH2guH5ew1iwFzvcpuN/c=">AAACC3icjVDNSgMxGMz6W+tf1aOXYBE81V0V1FvRi5dCBdcWu+uSTdM2NJvEJCuUZR/Ai6/ixYOKV1/Am29j+nNQUXAgMJmZj+SbWDKqjet+OFPTM7Nz84WF4uLS8spqaW39UotUYeJjwYRqxkgTRjnxDTWMNKUiKIkZacT906HfuCVKU8EvzECSMEFdTjsUI2OlqFSuRVcw0DQhN7AWZZLlMJBKSCPsVV5n3u5+blNexR0B/k3KYIJ6VHoP2gKnCeEGM6R1y3OlCTOkDMWM5MUg1UQi3Edd0rKUo4ToMBstk8Ntq7RhRyh7uIEj9etEhhKtB0lskwkyPf3TG4q/ea3UdI7CjHKZGsLx+KFOyqBdddgMbFNFsGEDSxBW1P4V4h5SCBvbX/F/Jfh7leOKd35Qrp5M2iiATbAFdoAHDkEVnIE68AEGd+ABPIFn5955dF6c13F0ypnMbIBvcN4+Ac4NmmY=</latexit>

MZ ' Mpl / M3/5
p

<latexit sha1_base64="FfNPUw69zsYOwC9YFacA5Btb3Hw=">AAACC3icjVC7TsMwFHXKq5RXgZHFokJiKgkPAVsFC0ulIhFa0YTIcZ3WqhMb20GqonwAC7/CwgCIlR9g429wHwMgkDiSpeNzzpV9TygYVdq2P6zC1PTM7FxxvrSwuLS8Ul5du1Q8lZi4mDMuWyFShNGEuJpqRlpCEhSHjDTD/unQb94SqShPLvRAED9G3YRGFCNtpKBcqQdX0FM0JjewHmSC5dATkgvNzVVcZ3s7B7lJOVV7BPg3qYAJGkH53etwnMYk0ZghpdqOLbSfIakpZiQveakiAuE+6pK2oQmKifKz0TI53DJKB0ZcmpNoOFK/TmQoVmoQhyYZI91TP72h+JvXTnV05Gc0EakmCR4/FKUMmlWHzcAOlQRrNjAEYUnNXyHuIYmwNv2V/leCu1s9rjrn+5XayaSNItgAm2AbOOAQ1MAZaAAXYHAHHsATeLburUfrxXodRwvWZGYdfIP19gnUIZpq</latexit><latexit sha1_base64="FfNPUw69zsYOwC9YFacA5Btb3Hw=">AAACC3icjVC7TsMwFHXKq5RXgZHFokJiKgkPAVsFC0ulIhFa0YTIcZ3WqhMb20GqonwAC7/CwgCIlR9g429wHwMgkDiSpeNzzpV9TygYVdq2P6zC1PTM7FxxvrSwuLS8Ul5du1Q8lZi4mDMuWyFShNGEuJpqRlpCEhSHjDTD/unQb94SqShPLvRAED9G3YRGFCNtpKBcqQdX0FM0JjewHmSC5dATkgvNzVVcZ3s7B7lJOVV7BPg3qYAJGkH53etwnMYk0ZghpdqOLbSfIakpZiQveakiAuE+6pK2oQmKifKz0TI53DJKB0ZcmpNoOFK/TmQoVmoQhyYZI91TP72h+JvXTnV05Gc0EakmCR4/FKUMmlWHzcAOlQRrNjAEYUnNXyHuIYmwNv2V/leCu1s9rjrn+5XayaSNItgAm2AbOOAQ1MAZaAAXYHAHHsATeLburUfrxXodRwvWZGYdfIP19gnUIZpq</latexit><latexit sha1_base64="FfNPUw69zsYOwC9YFacA5Btb3Hw=">AAACC3icjVC7TsMwFHXKq5RXgZHFokJiKgkPAVsFC0ulIhFa0YTIcZ3WqhMb20GqonwAC7/CwgCIlR9g429wHwMgkDiSpeNzzpV9TygYVdq2P6zC1PTM7FxxvrSwuLS8Ul5du1Q8lZi4mDMuWyFShNGEuJpqRlpCEhSHjDTD/unQb94SqShPLvRAED9G3YRGFCNtpKBcqQdX0FM0JjewHmSC5dATkgvNzVVcZ3s7B7lJOVV7BPg3qYAJGkH53etwnMYk0ZghpdqOLbSfIakpZiQveakiAuE+6pK2oQmKifKz0TI53DJKB0ZcmpNoOFK/TmQoVmoQhyYZI91TP72h+JvXTnV05Gc0EakmCR4/FKUMmlWHzcAOlQRrNjAEYUnNXyHuIYmwNv2V/leCu1s9rjrn+5XayaSNItgAm2AbOOAQ1MAZaAAXYHAHHsATeLburUfrxXodRwvWZGYdfIP19gnUIZpq</latexit><latexit sha1_base64="FfNPUw69zsYOwC9YFacA5Btb3Hw=">AAACC3icjVC7TsMwFHXKq5RXgZHFokJiKgkPAVsFC0ulIhFa0YTIcZ3WqhMb20GqonwAC7/CwgCIlR9g429wHwMgkDiSpeNzzpV9TygYVdq2P6zC1PTM7FxxvrSwuLS8Ul5du1Q8lZi4mDMuWyFShNGEuJpqRlpCEhSHjDTD/unQb94SqShPLvRAED9G3YRGFCNtpKBcqQdX0FM0JjewHmSC5dATkgvNzVVcZ3s7B7lJOVV7BPg3qYAJGkH53etwnMYk0ZghpdqOLbSfIakpZiQveakiAuE+6pK2oQmKifKz0TI53DJKB0ZcmpNoOFK/TmQoVmoQhyYZI91TP72h+JvXTnV05Gc0EakmCR4/FKUMmlWHzcAOlQRrNjAEYUnNXyHuIYmwNv2V/leCu1s9rjrn+5XayaSNItgAm2AbOOAQ1MAZaAAXYHAHHsATeLburUfrxXodRwvWZGYdfIP19gnUIZpq</latexit>

                         with
no gap in planetesimal disks 

                             with 
gaps in planetesimal disks 



Mp = MXY +MZ
<latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit>

Planetesimals Pebbles
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<latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit>

dust in gas
⇥

<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

⇥
<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

The spatial distribution of 
planetesimals is the key,
which is determined by

the gravitational interaction 
with a protoplanet

MZ ' Mpl / M1/3
p

<latexit sha1_base64="LeLBlwzH2guH5ew1iwFzvcpuN/c=">AAACC3icjVDNSgMxGMz6W+tf1aOXYBE81V0V1FvRi5dCBdcWu+uSTdM2NJvEJCuUZR/Ai6/ixYOKV1/Am29j+nNQUXAgMJmZj+SbWDKqjet+OFPTM7Nz84WF4uLS8spqaW39UotUYeJjwYRqxkgTRjnxDTWMNKUiKIkZacT906HfuCVKU8EvzECSMEFdTjsUI2OlqFSuRVcw0DQhN7AWZZLlMJBKSCPsVV5n3u5+blNexR0B/k3KYIJ6VHoP2gKnCeEGM6R1y3OlCTOkDMWM5MUg1UQi3Edd0rKUo4ToMBstk8Ntq7RhRyh7uIEj9etEhhKtB0lskwkyPf3TG4q/ea3UdI7CjHKZGsLx+KFOyqBdddgMbFNFsGEDSxBW1P4V4h5SCBvbX/F/Jfh7leOKd35Qrp5M2iiATbAFdoAHDkEVnIE68AEGd+ABPIFn5955dF6c13F0ypnMbIBvcN4+Ac4NmmY=</latexit><latexit sha1_base64="LeLBlwzH2guH5ew1iwFzvcpuN/c=">AAACC3icjVDNSgMxGMz6W+tf1aOXYBE81V0V1FvRi5dCBdcWu+uSTdM2NJvEJCuUZR/Ai6/ixYOKV1/Am29j+nNQUXAgMJmZj+SbWDKqjet+OFPTM7Nz84WF4uLS8spqaW39UotUYeJjwYRqxkgTRjnxDTWMNKUiKIkZacT906HfuCVKU8EvzECSMEFdTjsUI2OlqFSuRVcw0DQhN7AWZZLlMJBKSCPsVV5n3u5+blNexR0B/k3KYIJ6VHoP2gKnCeEGM6R1y3OlCTOkDMWM5MUg1UQi3Edd0rKUo4ToMBstk8Ntq7RhRyh7uIEj9etEhhKtB0lskwkyPf3TG4q/ea3UdI7CjHKZGsLx+KFOyqBdddgMbFNFsGEDSxBW1P4V4h5SCBvbX/F/Jfh7leOKd35Qrp5M2iiATbAFdoAHDkEVnIE68AEGd+ABPIFn5955dF6c13F0ypnMbIBvcN4+Ac4NmmY=</latexit><latexit sha1_base64="LeLBlwzH2guH5ew1iwFzvcpuN/c=">AAACC3icjVDNSgMxGMz6W+tf1aOXYBE81V0V1FvRi5dCBdcWu+uSTdM2NJvEJCuUZR/Ai6/ixYOKV1/Am29j+nNQUXAgMJmZj+SbWDKqjet+OFPTM7Nz84WF4uLS8spqaW39UotUYeJjwYRqxkgTRjnxDTWMNKUiKIkZacT906HfuCVKU8EvzECSMEFdTjsUI2OlqFSuRVcw0DQhN7AWZZLlMJBKSCPsVV5n3u5+blNexR0B/k3KYIJ6VHoP2gKnCeEGM6R1y3OlCTOkDMWM5MUg1UQi3Edd0rKUo4ToMBstk8Ntq7RhRyh7uIEj9etEhhKtB0lskwkyPf3TG4q/ea3UdI7CjHKZGsLx+KFOyqBdddgMbFNFsGEDSxBW1P4V4h5SCBvbX/F/Jfh7leOKd35Qrp5M2iiATbAFdoAHDkEVnIE68AEGd+ABPIFn5955dF6c13F0ypnMbIBvcN4+Ac4NmmY=</latexit><latexit sha1_base64="LeLBlwzH2guH5ew1iwFzvcpuN/c=">AAACC3icjVDNSgMxGMz6W+tf1aOXYBE81V0V1FvRi5dCBdcWu+uSTdM2NJvEJCuUZR/Ai6/ixYOKV1/Am29j+nNQUXAgMJmZj+SbWDKqjet+OFPTM7Nz84WF4uLS8spqaW39UotUYeJjwYRqxkgTRjnxDTWMNKUiKIkZacT906HfuCVKU8EvzECSMEFdTjsUI2OlqFSuRVcw0DQhN7AWZZLlMJBKSCPsVV5n3u5+blNexR0B/k3KYIJ6VHoP2gKnCeEGM6R1y3OlCTOkDMWM5MUg1UQi3Edd0rKUo4ToMBstk8Ntq7RhRyh7uIEj9etEhhKtB0lskwkyPf3TG4q/ea3UdI7CjHKZGsLx+KFOyqBdddgMbFNFsGEDSxBW1P4V4h5SCBvbX/F/Jfh7leOKd35Qrp5M2iiATbAFdoAHDkEVnIE68AEGd+ABPIFn5955dF6c13F0ypnMbIBvcN4+Ac4NmmY=</latexit>

MZ ' Mpl / M3/5
p

<latexit sha1_base64="FfNPUw69zsYOwC9YFacA5Btb3Hw=">AAACC3icjVC7TsMwFHXKq5RXgZHFokJiKgkPAVsFC0ulIhFa0YTIcZ3WqhMb20GqonwAC7/CwgCIlR9g429wHwMgkDiSpeNzzpV9TygYVdq2P6zC1PTM7FxxvrSwuLS8Ul5du1Q8lZi4mDMuWyFShNGEuJpqRlpCEhSHjDTD/unQb94SqShPLvRAED9G3YRGFCNtpKBcqQdX0FM0JjewHmSC5dATkgvNzVVcZ3s7B7lJOVV7BPg3qYAJGkH53etwnMYk0ZghpdqOLbSfIakpZiQveakiAuE+6pK2oQmKifKz0TI53DJKB0ZcmpNoOFK/TmQoVmoQhyYZI91TP72h+JvXTnV05Gc0EakmCR4/FKUMmlWHzcAOlQRrNjAEYUnNXyHuIYmwNv2V/leCu1s9rjrn+5XayaSNItgAm2AbOOAQ1MAZaAAXYHAHHsATeLburUfrxXodRwvWZGYdfIP19gnUIZpq</latexit><latexit sha1_base64="FfNPUw69zsYOwC9YFacA5Btb3Hw=">AAACC3icjVC7TsMwFHXKq5RXgZHFokJiKgkPAVsFC0ulIhFa0YTIcZ3WqhMb20GqonwAC7/CwgCIlR9g429wHwMgkDiSpeNzzpV9TygYVdq2P6zC1PTM7FxxvrSwuLS8Ul5du1Q8lZi4mDMuWyFShNGEuJpqRlpCEhSHjDTD/unQb94SqShPLvRAED9G3YRGFCNtpKBcqQdX0FM0JjewHmSC5dATkgvNzVVcZ3s7B7lJOVV7BPg3qYAJGkH53etwnMYk0ZghpdqOLbSfIakpZiQveakiAuE+6pK2oQmKifKz0TI53DJKB0ZcmpNoOFK/TmQoVmoQhyYZI91TP72h+JvXTnV05Gc0EakmCR4/FKUMmlWHzcAOlQRrNjAEYUnNXyHuIYmwNv2V/leCu1s9rjrn+5XayaSNItgAm2AbOOAQ1MAZaAAXYHAHHsATeLburUfrxXodRwvWZGYdfIP19gnUIZpq</latexit><latexit sha1_base64="FfNPUw69zsYOwC9YFacA5Btb3Hw=">AAACC3icjVC7TsMwFHXKq5RXgZHFokJiKgkPAVsFC0ulIhFa0YTIcZ3WqhMb20GqonwAC7/CwgCIlR9g429wHwMgkDiSpeNzzpV9TygYVdq2P6zC1PTM7FxxvrSwuLS8Ul5du1Q8lZi4mDMuWyFShNGEuJpqRlpCEhSHjDTD/unQb94SqShPLvRAED9G3YRGFCNtpKBcqQdX0FM0JjewHmSC5dATkgvNzVVcZ3s7B7lJOVV7BPg3qYAJGkH53etwnMYk0ZghpdqOLbSfIakpZiQveakiAuE+6pK2oQmKifKz0TI53DJKB0ZcmpNoOFK/TmQoVmoQhyYZI91TP72h+JvXTnV05Gc0EakmCR4/FKUMmlWHzcAOlQRrNjAEYUnNXyHuIYmwNv2V/leCu1s9rjrn+5XayaSNItgAm2AbOOAQ1MAZaAAXYHAHHsATeLburUfrxXodRwvWZGYdfIP19gnUIZpq</latexit><latexit sha1_base64="FfNPUw69zsYOwC9YFacA5Btb3Hw=">AAACC3icjVC7TsMwFHXKq5RXgZHFokJiKgkPAVsFC0ulIhFa0YTIcZ3WqhMb20GqonwAC7/CwgCIlR9g429wHwMgkDiSpeNzzpV9TygYVdq2P6zC1PTM7FxxvrSwuLS8Ul5du1Q8lZi4mDMuWyFShNGEuJpqRlpCEhSHjDTD/unQb94SqShPLvRAED9G3YRGFCNtpKBcqQdX0FM0JjewHmSC5dATkgvNzVVcZ3s7B7lJOVV7BPg3qYAJGkH53etwnMYk0ZghpdqOLbSfIakpZiQveakiAuE+6pK2oQmKifKz0TI53DJKB0ZcmpNoOFK/TmQoVmoQhyYZI91TP72h+JvXTnV05Gc0EakmCR4/FKUMmlWHzcAOlQRrNjAEYUnNXyHuIYmwNv2V/leCu1s9rjrn+5XayaSNItgAm2AbOOAQ1MAZaAAXYHAHHsATeLburUfrxXodRwvWZGYdfIP19gnUIZpq</latexit>

                         with
no gap in planetesimal disks 

                             with 
gaps in planetesimal disks 



Mp = MXY +MZ
<latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit>

Planetesimals Pebbles

M
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+M
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<latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit>

dust in gas
⇥

<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

⇥
<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

Understanding of 
pebble accretion 

is premature

e.g., Johansen & Lambrechts 2017



Mp = MXY +MZ
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Evolution of atmospheric metallicity can be explored,
comparing hot and warm Jupiters

Planetary cores might be fully dissolved into 
their atmospheres for gas-poor sub-giants

Hot Jupiters



Summary
• Formation mechanisms of observed exoplanets are better 

constrained, by taking into account planet mass,               
orbital period, and planet composition

• Observed warm Jupiters tend to have correlations:

• Our results indicate that the contribution (dust)               
arising from gas accretion is negligible 

• Runaway gas accretion is postponed until  

• Accretion of solids from gapped planetesimal disks can 
reproduce the above trends better

• We propose a classification of observed exoplanets

Hasegawa et al. 2018, submitted
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<latexit sha1_base64="yIZEFJJCM2IvabaYZHAQTaOhhmQ=">AAACKnicjVBNS8MwGE7n15xfVY9egkPw4lyHoh6EMS9ehAnWja21pFm6haVtSFJhlP4fL/4VD3rQ4dUfYrb1oKLgA3l58jzvS/I+PmdUqmp1bBTm5hcWl4rLpZXVtfUNc3PrVsaJwMTGMYtF20eSMBoRW1HFSJsLgkKfkZY/vJj4rXsiJI2jGzXixA1RP6IBxUhpyTMbTiAQTjsez3SRGTyHM+XK62S68Cy/W7nvcBFzFUNt3aUHtcPjzDPLVqU6BfyblEGOpmc+O70YJyGJFGZIyq5V5cpNkVAUM5KVnEQSjvAQ9UlX0wiFRLrpdNcM7mmlB4NY6BMpOFW/TqQolHIU+rozRGogf3oT8Tevm6jg1E1pxBNFIjx7KEgY1LtOgoM9KghWbKQJwoLqv0I8QDoapeMt/S8Eu1Y5q1jXR+V6I0+jCHbALtgHFjgBdXAJmsAGGDyAJ/AK3oxH48UYG++z1oKRz2yDbzA+PgH9uae0</latexit><latexit sha1_base64="yIZEFJJCM2IvabaYZHAQTaOhhmQ=">AAACKnicjVBNS8MwGE7n15xfVY9egkPw4lyHoh6EMS9ehAnWja21pFm6haVtSFJhlP4fL/4VD3rQ4dUfYrb1oKLgA3l58jzvS/I+PmdUqmp1bBTm5hcWl4rLpZXVtfUNc3PrVsaJwMTGMYtF20eSMBoRW1HFSJsLgkKfkZY/vJj4rXsiJI2jGzXixA1RP6IBxUhpyTMbTiAQTjsez3SRGTyHM+XK62S68Cy/W7nvcBFzFUNt3aUHtcPjzDPLVqU6BfyblEGOpmc+O70YJyGJFGZIyq5V5cpNkVAUM5KVnEQSjvAQ9UlX0wiFRLrpdNcM7mmlB4NY6BMpOFW/TqQolHIU+rozRGogf3oT8Tevm6jg1E1pxBNFIjx7KEgY1LtOgoM9KghWbKQJwoLqv0I8QDoapeMt/S8Eu1Y5q1jXR+V6I0+jCHbALtgHFjgBdXAJmsAGGDyAJ/AK3oxH48UYG++z1oKRz2yDbzA+PgH9uae0</latexit><latexit sha1_base64="yIZEFJJCM2IvabaYZHAQTaOhhmQ=">AAACKnicjVBNS8MwGE7n15xfVY9egkPw4lyHoh6EMS9ehAnWja21pFm6haVtSFJhlP4fL/4VD3rQ4dUfYrb1oKLgA3l58jzvS/I+PmdUqmp1bBTm5hcWl4rLpZXVtfUNc3PrVsaJwMTGMYtF20eSMBoRW1HFSJsLgkKfkZY/vJj4rXsiJI2jGzXixA1RP6IBxUhpyTMbTiAQTjsez3SRGTyHM+XK62S68Cy/W7nvcBFzFUNt3aUHtcPjzDPLVqU6BfyblEGOpmc+O70YJyGJFGZIyq5V5cpNkVAUM5KVnEQSjvAQ9UlX0wiFRLrpdNcM7mmlB4NY6BMpOFW/TqQolHIU+rozRGogf3oT8Tevm6jg1E1pxBNFIjx7KEgY1LtOgoM9KghWbKQJwoLqv0I8QDoapeMt/S8Eu1Y5q1jXR+V6I0+jCHbALtgHFjgBdXAJmsAGGDyAJ/AK3oxH48UYG++z1oKRz2yDbzA+PgH9uae0</latexit><latexit sha1_base64="yIZEFJJCM2IvabaYZHAQTaOhhmQ=">AAACKnicjVBNS8MwGE7n15xfVY9egkPw4lyHoh6EMS9ehAnWja21pFm6haVtSFJhlP4fL/4VD3rQ4dUfYrb1oKLgA3l58jzvS/I+PmdUqmp1bBTm5hcWl4rLpZXVtfUNc3PrVsaJwMTGMYtF20eSMBoRW1HFSJsLgkKfkZY/vJj4rXsiJI2jGzXixA1RP6IBxUhpyTMbTiAQTjsez3SRGTyHM+XK62S68Cy/W7nvcBFzFUNt3aUHtcPjzDPLVqU6BfyblEGOpmc+O70YJyGJFGZIyq5V5cpNkVAUM5KVnEQSjvAQ9UlX0wiFRLrpdNcM7mmlB4NY6BMpOFW/TqQolHIU+rozRGogf3oT8Tevm6jg1E1pxBNFIjx7KEgY1LtOgoM9KghWbKQJwoLqv0I8QDoapeMt/S8Eu1Y5q1jXR+V6I0+jCHbALtgHFjgBdXAJmsAGGDyAJ/AK3oxH48UYG++z1oKRz2yDbzA+PgH9uae0</latexit>

MZ / M3/5
p

<latexit sha1_base64="s0ggH38tz4Ju1LoeuHoPYtMqXCg=">AAAB/XicjVDLSgMxFM34rPU1Kq7cBIvgqs74QN0V3bgpVHBssR2HTJppQzNJSDJCGQr+ihsXKm79D3f+jeljoaLggQuHc+7l3ntiyag2nvfhTE3PzM7NFxaKi0vLK6vu2vq1FpnCJMCCCdWIkSaMchIYahhpSEVQGjNSj3vnQ79+R5Smgl+ZviRhijqcJhQjY6XI3axGN7AllZBGwGokb/ODvaNB5Jb8sjcC/JuUwAS1yH1vtQXOUsINZkjrpu9JE+ZIGYoZGRRbmSYS4R7qkKalHKVEh/no/AHcsUobJkLZ4gaO1K8TOUq17qex7UyR6eqf3lD8zWtmJjkJc8plZgjH40VJxqB9dZgFbFNFsGF9SxBW1N4KcRcphI1NrPi/EIL98mnZvzwsVc4maRTAFtgGu8AHx6ACLkANBACDHDyAJ/Ds3DuPzovzOm6dciYzG+AbnLdPVlWUow==</latexit><latexit sha1_base64="s0ggH38tz4Ju1LoeuHoPYtMqXCg=">AAAB/XicjVDLSgMxFM34rPU1Kq7cBIvgqs74QN0V3bgpVHBssR2HTJppQzNJSDJCGQr+ihsXKm79D3f+jeljoaLggQuHc+7l3ntiyag2nvfhTE3PzM7NFxaKi0vLK6vu2vq1FpnCJMCCCdWIkSaMchIYahhpSEVQGjNSj3vnQ79+R5Smgl+ZviRhijqcJhQjY6XI3axGN7AllZBGwGokb/ODvaNB5Jb8sjcC/JuUwAS1yH1vtQXOUsINZkjrpu9JE+ZIGYoZGRRbmSYS4R7qkKalHKVEh/no/AHcsUobJkLZ4gaO1K8TOUq17qex7UyR6eqf3lD8zWtmJjkJc8plZgjH40VJxqB9dZgFbFNFsGF9SxBW1N4KcRcphI1NrPi/EIL98mnZvzwsVc4maRTAFtgGu8AHx6ACLkANBACDHDyAJ/Ds3DuPzovzOm6dciYzG+AbnLdPVlWUow==</latexit><latexit sha1_base64="s0ggH38tz4Ju1LoeuHoPYtMqXCg=">AAAB/XicjVDLSgMxFM34rPU1Kq7cBIvgqs74QN0V3bgpVHBssR2HTJppQzNJSDJCGQr+ihsXKm79D3f+jeljoaLggQuHc+7l3ntiyag2nvfhTE3PzM7NFxaKi0vLK6vu2vq1FpnCJMCCCdWIkSaMchIYahhpSEVQGjNSj3vnQ79+R5Smgl+ZviRhijqcJhQjY6XI3axGN7AllZBGwGokb/ODvaNB5Jb8sjcC/JuUwAS1yH1vtQXOUsINZkjrpu9JE+ZIGYoZGRRbmSYS4R7qkKalHKVEh/no/AHcsUobJkLZ4gaO1K8TOUq17qex7UyR6eqf3lD8zWtmJjkJc8plZgjH40VJxqB9dZgFbFNFsGF9SxBW1N4KcRcphI1NrPi/EIL98mnZvzwsVc4maRTAFtgGu8AHx6ACLkANBACDHDyAJ/Ds3DuPzovzOm6dciYzG+AbnLdPVlWUow==</latexit><latexit sha1_base64="s0ggH38tz4Ju1LoeuHoPYtMqXCg=">AAAB/XicjVDLSgMxFM34rPU1Kq7cBIvgqs74QN0V3bgpVHBssR2HTJppQzNJSDJCGQr+ihsXKm79D3f+jeljoaLggQuHc+7l3ntiyag2nvfhTE3PzM7NFxaKi0vLK6vu2vq1FpnCJMCCCdWIkSaMchIYahhpSEVQGjNSj3vnQ79+R5Smgl+ZviRhijqcJhQjY6XI3axGN7AllZBGwGokb/ODvaNB5Jb8sjcC/JuUwAS1yH1vtQXOUsINZkjrpu9JE+ZIGYoZGRRbmSYS4R7qkKalHKVEh/no/AHcsUobJkLZ4gaO1K8TOUq17qex7UyR6eqf3lD8zWtmJjkJc8plZgjH40VJxqB9dZgFbFNFsGF9SxBW1N4KcRcphI1NrPi/EIL98mnZvzwsVc4maRTAFtgGu8AHx6ACLkANBACDHDyAJ/Ds3DuPzovzOm6dciYzG+AbnLdPVlWUow==</latexit>

Mp > 100M�
<latexit sha1_base64="roGY9b4p5clAgGPtMtxcDi+9nsg=">AAAB/HicjVDLSgMxFL1TX7W+xsfOTbAIrsqMCOpGim7cFCo4ttAOQyZN29DMJCQZoQ7FX3HjQsWtH+LOvzF9LFQUPHDhcM693MOJJWfaeN6HU5ibX1hcKi6XVlbX1jfcza0bLTJFaEAEF6oZY005S2lgmOG0KRXFScxpIx5cjP3GLVWaifTaDCUNE9xLWZcRbKwUuTu1SKIz5HseqkV5W0ie6VHklv2KNwH6m5Rhhnrkvrc7gmQJTQ3hWOuW70kT5lgZRjgdldqZphKTAe7RlqUpTqgO80n6Edq3Sgd1hbKTGjRRv17kONF6mMR2M8Gmr396Y/E3r5WZ7kmYs1RmhqZk+qibcWQEGleBOkxRYvjQEkwUs1kR6WOFibGFlf5XQnBYOa34V0fl6vmsjSLswh4cgA/HUIVLqEMABO7gAZ7g2bl3Hp0X53W6WnBmN9vwDc7bJ+Apk8g=</latexit><latexit sha1_base64="roGY9b4p5clAgGPtMtxcDi+9nsg=">AAAB/HicjVDLSgMxFL1TX7W+xsfOTbAIrsqMCOpGim7cFCo4ttAOQyZN29DMJCQZoQ7FX3HjQsWtH+LOvzF9LFQUPHDhcM693MOJJWfaeN6HU5ibX1hcKi6XVlbX1jfcza0bLTJFaEAEF6oZY005S2lgmOG0KRXFScxpIx5cjP3GLVWaifTaDCUNE9xLWZcRbKwUuTu1SKIz5HseqkV5W0ie6VHklv2KNwH6m5Rhhnrkvrc7gmQJTQ3hWOuW70kT5lgZRjgdldqZphKTAe7RlqUpTqgO80n6Edq3Sgd1hbKTGjRRv17kONF6mMR2M8Gmr396Y/E3r5WZ7kmYs1RmhqZk+qibcWQEGleBOkxRYvjQEkwUs1kR6WOFibGFlf5XQnBYOa34V0fl6vmsjSLswh4cgA/HUIVLqEMABO7gAZ7g2bl3Hp0X53W6WnBmN9vwDc7bJ+Apk8g=</latexit><latexit sha1_base64="roGY9b4p5clAgGPtMtxcDi+9nsg=">AAAB/HicjVDLSgMxFL1TX7W+xsfOTbAIrsqMCOpGim7cFCo4ttAOQyZN29DMJCQZoQ7FX3HjQsWtH+LOvzF9LFQUPHDhcM693MOJJWfaeN6HU5ibX1hcKi6XVlbX1jfcza0bLTJFaEAEF6oZY005S2lgmOG0KRXFScxpIx5cjP3GLVWaifTaDCUNE9xLWZcRbKwUuTu1SKIz5HseqkV5W0ie6VHklv2KNwH6m5Rhhnrkvrc7gmQJTQ3hWOuW70kT5lgZRjgdldqZphKTAe7RlqUpTqgO80n6Edq3Sgd1hbKTGjRRv17kONF6mMR2M8Gmr396Y/E3r5WZ7kmYs1RmhqZk+qibcWQEGleBOkxRYvjQEkwUs1kR6WOFibGFlf5XQnBYOa34V0fl6vmsjSLswh4cgA/HUIVLqEMABO7gAZ7g2bl3Hp0X53W6WnBmN9vwDc7bJ+Apk8g=</latexit><latexit sha1_base64="roGY9b4p5clAgGPtMtxcDi+9nsg=">AAAB/HicjVDLSgMxFL1TX7W+xsfOTbAIrsqMCOpGim7cFCo4ttAOQyZN29DMJCQZoQ7FX3HjQsWtH+LOvzF9LFQUPHDhcM693MOJJWfaeN6HU5ibX1hcKi6XVlbX1jfcza0bLTJFaEAEF6oZY005S2lgmOG0KRXFScxpIx5cjP3GLVWaifTaDCUNE9xLWZcRbKwUuTu1SKIz5HseqkV5W0ie6VHklv2KNwH6m5Rhhnrkvrc7gmQJTQ3hWOuW70kT5lgZRjgdldqZphKTAe7RlqUpTqgO80n6Edq3Sgd1hbKTGjRRv17kONF6mMR2M8Gmr396Y/E3r5WZ7kmYs1RmhqZk+qibcWQEGleBOkxRYvjQEkwUs1kR6WOFibGFlf5XQnBYOa34V0fl6vmsjSLswh4cgA/HUIVLqEMABO7gAZ7g2bl3Hp0X53W6WnBmN9vwDc7bJ+Apk8g=</latexit>


